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ABSTRACT 



Psoralidin (PSO), a natural furanocoumarin, is isolated from Psoralea corylifolia L. 
possessing anti-cancer properties. However, the mechanisms of its effects remain 
unclear. Herein, we investigated its anti-proliferative effect and potential approaches 
of action on human lung cancer A549 cells. Cell proliferation and death were 
measured by MTT and LDH assay respectively. Apoptosis was detected with Hoechst 
33342 staining by fluorescence microscopy, Annexin V-FITC by flow cytometry and 
Western blot analysis for apoptosis-related proteins. The autophagy was evaluated 
using MDC staining, immunofluorescence assay and Western blot analyses for 
LC3-I and LC3-II. In addition, the reactive oxygen species (ROS) generation was 
measured by DCFH2-DA with flow cytometry. PSO dramatically decreased the cell 
viabilities in dose- and time-dependent manner. However, no significant change was 
observed between the control group and the PSO-treated groups in Hoechst 33342 
and Annexin V-FITC staining. The expression of apoptosis-related proteins was not 
altered significantly either. While the MDC-fluorescence intensity and the expression 
ratio of LC3-II/LC3-I was remarkably increased after PSO treatment. Autophagy 
inhibitor 3-MA blocked the production of LC3-II and reduced the cytotoxicity in 
response to PSO. Furthermore, PSO increased intracellular ROS level which was 
correlated to the elevation of LC3-II. ROS scavenger N-acetyl cysteine pretreatment 
not only decreased the ROS level, reduced the expression of LC3-II but also reversed 
PSO induced cytotoxicity. PSO inhibited the proliferation of A549 cells through 
autophagy but not apoptosis, which was mediated by inducing ROS production. 
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INTRODUCTION 

Psoralea corylifolia Leguminosae (L.), an herb widely distributed in China and Southeastern 
Asian countries, has been used as a multi-purpose medicinal plant {Zhao et al, 2005). The 
fully mature dried fruit of this plant is well-known as traditional Chinese medicine called 
"Buguzhi", and is used to treat a wide range of diseases. Previous screening studies have 
reported that some extracts and active fractions of P. corylifolia L. exhibited cytotoxicity 
and inhibition of chemical carcinogenesis {hatha et al., 2000; hatha & Panikkar, 1999; 
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Figure 1 The cytotoxicity of psoralidin against human lung cancer A549 cells. (A) Chemical structure 
of psoralidin. (B) Cells were treated with series concentrations of psoralidin for 24, 48, or 72 h. The cell 
viability was measured by MTT assay, and the data were presented as means ± SD from three independent 
experiments. (C) Cells were treated with 5, 10, 20 and 30 |tM psoralidin for 24 h, the LDH assay were 
performed. *P < 0.05 vs. Con and **P < 0.01 vs. Con. Con, control. 



Whelan & Ryan, 2003). The major chemical constituents in P. corylifolia L. include 
coumarins, flavonoids and meroterpene phenols {Song, Yang & Yuan, 2013). Psoralidin 
(PSO, Fig. lA), with coumarin structure, is one of the bioactive components. It is 
reported that PSO shows cytotoxic effects against some cultured human cancer cell lines 
{Bronikowska et al, 2012; Kumar et al, 2010; Mar, Je & Seo, 2001; Pahari & Rohr, 2009; 
Yang et al, 1996). In prostate cancer and HeLa cells, PSO enhanced TRAIL-mediated 
apoptosis {Bronikowska et al, 2012; Szliszka et al, 2011). PSO induced apoptosis in 
breast cancer cells by inhibiting NOTCH 1 signaling {Suman, Das & Damodaran, 2013). 
It also inhibits TNF-mediated survival signaling in androgen independent prostate cancer 
cells {Srinivasan et al, 2010). However, its effect on autophagy, a nonapoptotic form of 
programmed cell death, remains to be clarified. Herein, we demonstrated that PSO is 
an anti-proliferative natural compound on human lung cancer A549 cells. It induces 
autophagy rather than apoptosis, which is triggered by increasing intracellular ROS 
generation. 
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MATERIALS AND METHODS 

Reagents and cell culture 

Psoralidin (>98%) was purchased from Chengdu Preferred Biotech Co. Ltd. (Chengdu, 
China). Dimethyl sulfoxide (DMSO), MTT, Hoechst 33342, monodansylcadaverine 
(MDC), propidium iodide (PI), 3-methyladenine (3-MA), Ac-DEVD-CHO, z-VAD-FMK, 
DAPI, CM-H2DCF-DA, N-acetyl cysteine (NAC), Annexin V-FITC were from Sigma 
Aldrich (St. Louis, MO, USA). Cytotoxicity Detection Kit (lactate dehydrogenase, LDH) 
was obtained from Roche Diagnostics (Mannheim, Germany). Antibodies against LC3, 
Bcl-2, BAX, PARP, Caspase-3, Caspase-9 and GAPDH were purchased from Cell Signaling 
Technology (Beverly, MA, USA). 

The human lung cancer cell line A549, obtained from American Type Culture 
Collection (ATCC, USA), was cultured in RPMI 1,640 (Gibco) supplemented with 
10% (v/v) fetal bovine serum at 37 °C in a humidified atmosphere of 5% CO2. 

MTT assay and LDH assay 

Cells in the exponential growth phase were seeded in 96-weU culture plates (5,000 cells per 
well), treated with various concentrations (1.25, 2.5, 5, 10, 20, 30 and 40 fxM) of PSO for 
indicated time. After incubation, 20 \i\ MTT solutions (5 mg/ml) was added to each well 
and incubated for further 4 h. Then the supernatant was removed and the resulting crystals 
were dissolved in DMSO. The absorbance of each well was measured using a microplate 
reader (PerkinElmer, USA) at 570 nm. The cell viability was calculated by the formula: 
cell viability (%) — (average absorbance of treated groups/average absorbance of control 
group) X 100%. A commercial cytotoxicity detection kit was used to evaluate the LDH 
release from cells after treatment with different concentrations of PSO according to the 
manufacturer's protocol. 

Cell cycle analysis 

After treated with PSO, cells were harvested and washed with cold phosphate buffer saline 
(PBS), and were fixed with 70% ethanol overnight at —20 °C. The fixed cells were then 
washed twice with cold PBS, and the supernatant was removed. Cells were stained with PI 
staining solution (10 [Xg/ml RNase A and 50 [ig/ml PI) at 37 °C for 30 min in dark. The 
cell cycle distribution was analyzed using a flow cytometry provided with the Cell-Quest 
software (Becton Dickinson, USA). 

Apoptosis detection 

Hoechst 33342 staining and Annexin V-FITC staining were performed to detect apoptosis. 
For Hoechst 33342 staining, A549 cells were washed with PBS and stained with Hoechst 
33342 ( 1 (xg/ml in PBS) at room temperature for 20 min, the fluorescence was observed by 
a fluorescence inverted microscopy. For Annexin V-FITC staining, the treated cells were 
collected, washed and then stained with Annexin V-FITC at room temperature for 15 min, 
the percentage of apoptotic cells were analyzed by flow cytometry. 
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MDC staining and immunofluorescence 

The autophagic activity was evaluated using MDC staining and immunofluorescence 
for LC3-II by fluorescence microscopy as described previously {Zhang et ah, 2013). In 
brief, the treated cells were incubated with 0.05 mM MDC for 15 min in the dark, then 
washed with PBS twice and immediately analyzed by a fluorescence inverted microscopy. 
For immunofluorescence, the treated cells were fixed with 4% paraformaldehyde and 
blocked with 2% BSA for 30 min, incubated with primary antibody against LC3-II at 4 °C 
overnight, then washed with PBS twice and incubated with fluo-conjugated secondary 
antibody at room temperature for another 1 h. The nuclei were stained with DAPI and the 
stained cells were observed under a fluorescence inverted microscope using filter set for 
FITC and DAPI. 

Western blot analysis 

After treatment with PSO, the cells were washed with cold PBS and lysed with RIPA lysis 
buffer (Santa Cruz, USA) to extract the total proteins. The concentrations of the total 
proteins were determined by Pierce BCA protein assay kit (Thermo Scientific, USA). 
Equivalent amounts of total proteins from each sample were separated by SDS-PAGE, 
and then transferred onto a PVDF membrane. After blocking with PBS containing 
0.1% Tween-20 and 5% nonfat milk for 1 h, the transferred membrane was incubated 
with a specific primary antibody at 4 °C overnight, followed by incubation with the 
corresponding secondary antibody. Washing the membrane and specific protein bands 
were visualized using an ECL Advanced Western Blot detection Kit, the densitometric 
analysis of bands was performed using the Quantity-One Software. 

Determination intracellular ROS production 

Intracellular ROS production was measured by flow cytometry analysis using 
CM-H2DCF-DA as fluorescence probe. After PSO treatment, cells were washed and 
incubated with DCFH2-DA (5 fiM) for 30 min at 37 °C in the dark. The stained cells 
were analyzed by flow cytometry. 

Statistical analysis 

Data are expressed as the means ± SD from at least three independent experiments. The 
differences between groups were analyzed by one-way AN OVA with Tukey's posthoc tests, 
significance of difference was indicated as *P < 0.05 or **P < 0.01. 

RESULTS 

The cytotoxicity of PSO in A549 cells 

The effects of PSO in A549 cells were detected using MTT assay. As shown in Fig. IB, 
the inhibition of PSO in A549 cell proliferation was exhibited both in time- and 
concentration-dependent manners. The calculated IC50 after 24, 48 and 72 h treatment 
were 19.2, 15.4 and 11.8 |iM respectively. Furthermore, after treatment with varies 
concentrations of PSO for 24 h, the LDH release from A549 cells was increased in a 
concentration-dependent manner (Fig. IC). 
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Figure 2 Effect of psoralidin in cell cycle distribution of A549 cells. (A) Cells were treated with 5, 10 and 20 |,iM psoralidin for 24 h, and then 
stained with propidium iodide. The DNA content was measured by flow cytometry. (B) The cell cycle distributions were analyzed and presented as 
mean ± SD of three independent experiments. *P < 0.05 vs. Con. Con, control. 



PSO induced cell cycle arrest at G1 phase 

To measure the underlying mechanism responsible for the anti-proliferation effect of 
PSO in A549 cells, cell cycle distribution was detected by flow cytometry analysis of 
DNA content using PI staining. As shown in Fig. 2, PSO in concentrations of 10 and 
20 |xM induced an increase in the percentage of cells in Gl phase. Compared with the 
control group, 20 [iM PSO treatment groups showed significant increase (P < 0.05) in the 
proportion of Gl phase cells (Fig. 2B). 

PSO showed little effect on apoptosis in A549 cells 

Hoechst 33342 staining and flow cytometry assay using Annexin V-FITC staining were 
performed to determine whether apoptosis was induced by PSO. As shown in Fig. 3A, both 
the untreated and treated cells had regular and round-shaped nuclei and the characteristic 
morphological changes of apoptosis were not observed. Flow cytometry analysis using 
Annexin V-FITC staining showed that treatment A549 cells with different concentrations 
of PSO did not alter the percentage of Annexin V-FITC positive cells compared with 
control group (Fig. 3B). Furthermore, the expressions of some apoptosis-related proteins 
were analyzed by Western blot. After the treatment with PSO for 24 h, the expression of 
apoptosis-related proteins Bcl-2, BAX, Caspase-3, Caspase-9 and PARP did not alter signif- 
icantly (Fig. 3C). These results suggest that PSO might not induce apoptosis in A549 cells. 
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Figure 3 Psoralidm showed little effect on apoptosis in A549 cells. (A) Fluorescent staining of nuclei in A549 cells by Hoechst 33342. (B) Flow 
cytometry assay to detect apoptosis in A549 cells using Annexin V staining. There is no significant difference among control group and psoralidin 
treated groups. NS, no significant vs. Con. (C) The expression of apoptosis related proteins were analyzed by Western blot in A549 cells receiving 
psoralidin treatment. (D) The cell viability was measured by MTT assay after treatment with psoralidin in the absence or presence of Z-VAD-FMK 
or Ac-DEVD-CHO. **P < 0.01 vs. Con; NS, no significant vs. psoralidin only-treated group. Con, control. 



In addition, the pancaspase inhibitor Z-VAD-FMK and caspse-3 inhibitor AC-DEVD- 
CHO were used to confirm the effect of PSO in A549 cells. As shown in Fig. 3D, 
Z-VAD-FMK and AC-DEVD-CHO failed to protect A549 cells from death caused 
by PSO. These results collectively indicate that the cell death induced by PSO is in a 
caspase-independent non-apoptotic manner. 

PSO induced autophagic cell death in A549 cells 

To test the autophagic activity induced by PSO, MDC staining was performed first. As 
shown in Fig. 4A, the control cells showed faint fluorescence, while cells treated with 
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Figure 4 Psoralidin induced autophagic cell death in A549 cells. (A) Cells were stained with MDC after psoraUdin treatment. (B) Immunoflueres- 
cence analysis of endogenous LC3 in psoralidin-treated A549 cells. (C) Cells were treated with indicated concentrations of psoralidin for 24 h. The 
expression of LC3 was determined by Western blot. (D) Cells were treated with 20 \.iM psoralidin for 6, 12, 24 or 48 h, expression of LC3 was 
determined by Western blot. (E) Cells were treated with psoralidin, 3-MA or a combination of both, expression of LC3 was analyzed by Western 
blot. (F) The cell viability was measured by MTT assay after treatment with psoralidin in the absence or presence of 3-MA. **P < 0.01 vs. Con, 
*P < 0.05 vs. psoralidin only-treated group. Con, control. 
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PSO accumulated MDC into granular structures of high fluorescence intensity. The 
immunofluorescence for LC3-II was executed to further examine the formation of 
autophagic vesicles. Compared with the untreated cells, A549 cells treated with PSO 
exhibited increases in both the number and size of LC3-II-postive puncta (Fig. 4B). 
Western blot analysis for LC3 showed a remarkable increase of LC3-II in response to 
PSO treatment both in concentration- and time-dependent manners (Figs. 4C and 4D). 
Furthermore, this increase of LC3-II could be blocked in the presence of autophagy 
inhibitor 3-MA (Fig. 4E). In addition, pretreatment with 3-MA significantly prevented 
cell death induced by PSO (Fig. 4F). Taken together, these results suggest that PSO induces 
autophagic cell death instead of apoptosis in A549 cells. 

PSO induced ROS generation and NAC reversed PSO-induced 
autopliagy and cell death 

As shown in Figs. 5A and 5B, PSO induced ROS generation in a concentration-dependent 
manner in A549 cells. NAC pretreatment efficiently attenuated PSO induced elevation of 
ROS levels. Meanwhile, pretreatment with NAC prevented the increase of LC3-II and cell 
death in response to PSO (Figs. 5C and 51^). These results suggested that the production of 
ROS plays a key role in the PSO-induced autophagy and subsequent cell death. 

DISCUSSION 

PSO is a natural product isolated from Psoralea corylifolia L. and is an important medical 
herb prescribed in traditional Chinese medicine. Previous reports demonstrated that PSO 
showed significant antibacterial {Khatune et ah, 2004), antidepressant-like properties 
(Yz et al, 2008) and antioxidant {Xiao et al, 2010) activities. It also showed 
inhibitory effects on protein tyrosine phosphatase IB in vitro {Kim et al, 2005), 
induction of quinone reductase activity {Lee, Nam &Mar, 2009), and inhibitory effects 
on LPS-induced iNOS expression {Chiou et al, 2011). Furthermore, it was found that 
PSO could act as an ER agonist {Liu et al, 2014) and was a dual inhibitor of 
COX-2 and 5-LOX {Yang et al, 2011). Herein, the anti-proliferative effect of PSO was 
investigated. 

Previous studies showed that PSO inhibited the proliferation of SNU-1 and SNU-16 
gastric carcinoma cell lines {Yang et al, 1996), HT-29 colon and MCF-7 breast human 
cancer cell lines {Mar, Je & Seo, 2001). In the present study, we showed that PSO inhibited 
proliferation on human lung cancer A549 cells with IC50 at the range of 10-20 ^iM, which 
suggested PSO possesses a potential cytotoxicity to cancer cells. This was further confirmed 
by PSO induced LDH release in the culture medium. The effect of PSO on cell showed that 
PSO induced an increase in the percentage of cells in Gl phase, suggesting PSO could cause 
the cell cycle arrest. 

Apoptosis, a physiological process of programmed cell death, is one of the major types 
of cell death caused by most chemotherapeutics. It has been reported that PSO enhanced 
TRAIL-induced apoptosis in HeLa cells {Bronikowska et al, 2012) and prostate cancer cells 
{Szliszka et al, 2011). In the present study, the effect of PSO on apoptosis in A549 cells was 
detected using Hoechst 33342 staining by fluorescence microscopy and Annexin V-FITC 
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Figure 5 Psoralidin induced ROS generation and NAC reversed psoralidin-induced autophagy and ceU death. (A) Cells were treated with 
indicated concentrations of psoralidin, and the intracellular ROS generation was detected as described in Materials and methods. *P < 0.05 vs. Con 
and **P < 0.01 vs. Con. (B) Cells were treated with 20 |tM psoralidin in the absence or presence of NAC. The intracellular ROS generation was 
detected, and data represent the means ± SD from three independent experiments. **P < 0.01 vs. Con, *P < 0.05 vs. psoralidin only-treated group. 
(C) Cells were treated with 20 [xM psoralidin in the absence or presence of NAC. The expression of LC3 was analyzed by Western blot. (D) The cell 
viability was measured by MTT assay after psoralidin with treatment in the absence or presence of NAC. **P < 0.01 vs. Con, *P < 0.05 vs. psoralidin 
only-treated group. Con, control. 



staining by flow cytometry. In addition, the expressions of apoptosis-related proteins such 
as Bcl-2, Bax, Caspase-3, Caspase-9 and PARP were examined by Western blot. There was 
no significant nuclear changes in Hoechst 33342 staining were observed. Furthermore, no 
significant differences in the percentage of Annexin V-FITC positive cells and apoptosis- 
related protein expression between the control groups and PSO treated groups. In 
addition, the pancaspase inhibitor Z-VAD-FMK and caspse-3 inhibitor AC-DEVD-CHO 
failed to protect A549 cells from PSO induced death. Taken together, these results indicated 
that apoptosis might play a minor role in PSO induced cell death in A549 cells. 

Autophagy, a cellular process responsible for the degradation of cytoplasmic compo- 
nents through an autophagosomal-lysosomal pathway, has been implicated to play a key 
role in cancer initiation and progress {Janku et al, 2011). A panel of natural products 
has been identified to induce both apoptotic and autophagic cell death. PSO showed 
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Figure 6 Schematic diagram illustrates the underlying mechanism of psoraUdin-induced cell death in 
A549 cells. 



cytotoxicity to A549 cells but did not induce apoptosis. Therefore, we detected whether 
PSO induced autophagic cell death in A549 cells. MDC is an acidotropic dye that labels 
late stage autophagosomes or autophagic vesicles. During autophagosome formation, 
LC3-I is incorporated into autophagosome membranes mediated by Atg3 and Atg7, which 
results in the conversion of cytosolic LC3-I into membrane-bound form LC3-II {Tanida, 
Ueno & Kominanii, 2004). Thus, both the MDC staining and the expression ratio of LC3-I 
to LC3-II provides simple indicators for autophagy activity and has been widely used to 
monitor the autophagic activities {Klionsky et al, 2012). Present results showed that PSO 
induced MDC staining, punctate staining dots for LC3-II, and increased protein expres- 
sion ratio of LC3-II/LC3-I suggest that PSO caused autophagy in A549 cells. Furthermore, 
pretreatment with 3-MA, an autophagy inhibitor, reversed PSO induced significantly 
protein expression ratio of LC3-II/LC3-I and cell death induced by PSO. Taken together, 
these results suggested that PSO induced autophagic cell death instead of apoptosis in A549 
cells. To the best of our knowledge, this is the first report on the effect of PSO on autophagy. 

Accumulated evidence suggested that ROS, a class of important multifaceted signaling 
molecules, is implicated in a variety of cellular programs including autophagy {Azad, Chen 
& Gibson, 2009; Dewaele, Maes & Agostinis, 2010; Scherz-Shouval & Elazar, 2011). Though 
PSO showed antioxidant activities in scavenging DPPH and ABTS free radicals in ex vivo 
models {Wangetal., 2013; Xiao etal, 2010), it greatly induced ROS generation that resulted 
in the growth inhibition and promote epithelial-mesenchymal transition in prostate cancer 
cells {Das, Suman & Damodaran, 2014). We also found that PSO significantly induced 
DCF fluorescence in A549 cells suggesting the increase of intracellular ROS generation. 
NAC pretreatment could significantly reverse PSO induced autophagic biomarkers and cell 
death suggested that ROS mediated PSO-induced autophagy and subsequent cell death. 
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In summary, as shown in Fig. 6, our results show that PSO is a potential cytotoxic 
natural compound. Instead of apoptosis, it induces ROS-triggered autophagy which 
inhibits the growth of human lung cancer A549 cells. 



ADDITIONAL INFORMATION AND DECLARATIONS 



Funding 

The present study was supported by the Research Fund of the University of Macau 
(No. MYRG118(Y1-L4)-ICMS13-CXP, MRG007/CXP/2013/ICMS) and the grants from 
Science and Technology Development Fund of Macau Special Administrative Region 
(No. 021/2012/Al). The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript. 

Grant Disclosures 

The following grant information was disclosed by the authors: 

Research Fund of the University of Macau: MYRG118(Y1-L4)-ICMS13-CXP, 

MRG007/CXP/2013/ICMS. 

Science and Technology Development Fund of Macau Special Administrative Region: 
021/2012/Al. 

Competing Interests 

The authors declare there are no competing interests. 

Author Contributions 

• Wenhui Hao performed the experiments, analyzed the data, contributed 
reagents/materials/ analysis tools, prepared figures and/or tables. 

• Xuenong Zhang performed the experiments, analyzed the data, contributed 
reagents/materials/ analysis tools, wrote the paper, prepared figures and/or tables. 

• Wenwen Zhao performed the experiments, contributed reagents/materials/ analysis 
tools, wrote the paper. 

• Xiuping Chen conceived and designed the experiments, analyzed the data, wrote the 
paper, reviewed drafts of the paper. 

Supplemental Information 

Supplemental information for this article can be found online at http://dx.doi.org/ 
10.771 7/peerj. 5 5 5#supplemental-information. 

REFERENCES 

Azad MB, Chen Y, Gibson SB. 2009. Regulation of autophagy by reactive oxygen species (ROS): 
implications for cancer progression and treatment. Antioxidants & Redox Signaling 11:777-790 
DOl 10.1089/ars.2008.2270. 



Hao et al. (2014), PeerJ, DOl 10.771 7/peerj. 555 



11/13 



PeerJ 



Bronikowska J, Szliszka E, Jaworska D, Czuba ZP, Krol W. 2012. The coumarin psoralidin 

enhances anticancer effect of tumor necrosis factor-related apoptosis-inducing Hgand (TRAIL). 

Molecules 17:6449-6464 DOI 10.3390/molecules 17066449. 
Chiou WF, Don MJ, Liao JF, Wei BL. 2011. Psoralidin inhibits LPS-induced iNOS expression via 

repressing Syk-mediated activation of PI3K-IKK-IkappaB signaling pathways. European Journal 

of Pharmacology 650:102-109 DOI 10.1016/j.ejphar.2010.10.004. 
Das TP, Suman S, Damodaran C. 2014. Induction of reactive oxygen species generation inhibits 

epithelial-mesenchymal transition and promotes growth arrest in prostate cancer cells. 

Molecular Carcinogenesis 53:537-547 DOI 10.1002/mc.22014. 

Dewaele M, Maes H, Agostinis P. 2010. ROS-mediated mechanisms of autophagy stimulation and 
their relevance in cancer therapy. Autophagy 6:838-854 DOI 10.4161/auto.6.7.12113. 

Janku F, McConkey DJ, Hong DS, Kurzrock R. 201 1. Autophagy as a target for anticancer therapy. 
Nature Reviews. Clinical Oncology 8:528-539 DOI 10.1038/nrclinonc.2011.71. 

Khatune NA, Islam ME, Haque ME, Khondkar P, Rahman MM. 2004. Antibacterial compounds 
from the seeds oi Psoralea corylifolia. Fitoterapia 75:228-230 DOI 10. 1016/]. fitote. 2003. 12.018. 

Kim YC, Oh H, Kim BS, Kang TH, Ko EK, Han YM, Kim BY, Ahn JS. 2005. In vitro protein 

tyrosine phosphatase IB inhibitory phenols from the seeds of Psoralea corylifolia. Planta Medica 
71:87-89 DOI 10.1055/s-2005-837759. 

Klionsky D J, Abdalla FC, Abeliovich H, Abraham RT, Acevedo-Arozena A, Adeli K, 
Agholme L, Agnello M, Agostinis P, Aguirre-Ghiso JA, Ahn HJ, Ait-Mohamed O, 
Ait-Si- Ali S, Akematsu T, Akira S, Al-Younes HM, Al-Zeer MA, Albert ML, Albin RL, 
Alegre-Abarrategui J, Aleo MF, Alirezaei M, Almasan A, Almonte-Becerril M, Amano A, 
Amaravadi RK, Amarnath S, Amer AO, Andrieu-Abadie N, Anantharam V, Ann DK, 
Anoopkumar-Dukie S, Aoki H, Apostolova N, Arancia G, Aris JP, Asanuma K, Asare NYO, 
Ashida H, Askanas V, Askew DS, Auberger P, Baba M, Backues SK, Baehrecke EH, Bahr BA, 
Bai X-Y, Bailly Y, Baiocchi R, Baldini G et al. 2012. Guidelines for the use and interpretation 
of assays for monitoring autophagy. Autophagy 8:445-544 DOI 10. 4161/auto. 19496. 

Kumar R, Srinivasan S, Pahari P, Rohr J, Damodaran C. 2010. Activating stress-activated protein 
kinase-mediated cell death and inhibiting epidermal growth factor receptor signaling: a 
promising therapeutic strategy for prostate cancer. Molecular Cancer Therapeutics 9:2488-2496 
DOI 10.1158/1535-7163.MCT-10-0180. 

Latha PG, Evans DA, Panikkar KR, Jayavardhanan KK. 2000. Immunomodulatory 
and antitumour properties of Psoralea corylifolia seeds. Fitoterapia 71:223-231 
DOI 10.1016/S0367-326X(99)00151-3. 

Latha PG, Panikkar KR. 1999. Inhibition of chemical carcinogenesis by Psoralea corylifolia seeds. 
Journal of Ethnopharmacology 68:295-298 DOI 10.1016/50378-8741(99)00062-8. 

Lee SJ, Nam KW, Mar W. 2009. Induction of quinone reductase activity by psoralidin 

isolated from Psoralea corylifolia in mouse hepa lclc7 cells. Archives of Pharmacal Research 
32:1061-1065 DOI 10.1007/sl2272-009-1712-l. 

Liu X, Nam JW, Song YS, Viswanath AN, Pae AN, Kil YS, Kim HD, Park JH, Seo EK, Chang M. 
2014. Psoralidin, a coumestan analogue, as a novel potent estrogen receptor signaling molecule 
isolated from Psoralea corylifolia. Bioorganic 6- Medicinal Chemistry Letters 24:1403-1406 
DOI 10.1016/j.bmcl.2014.01.029. 

Mar W, Je KH, Seo EK. 2001. Cytotoxic constituents of Psoralea corylifolia. Archives of Pharmacal 
Research 24:211-213 DOI 10.1007/BF02978259. 



Hao et aL (2014), PeerJ, DO1 1 0.771 7/peerj.555 



..^12/13 



PeerJ 



Pahari P, Rohr J. 2009. Total synthesis of psoralidin, an anticancer natural product. The Journal of 

Organic Chemistry 74:2750-2754 DOI 10.1021/io8025884. 
Scherz-Shouval R, Elazar Z. 2011. Regulation of autophagy by ROS: physiology and pathology. 

Trends in Biochemical Sciences 36:30-38 DOI 10.1016/j.tibs.2010.07.007. 
Song P, Yang XZ, Yuan JQ. 2013. Cytotoxic constituents from Psoralea corylifolia. Journal of Asian 

Natural Products Research 15:624-630 DOI 10.1080/10286020.2013.793181. 
Srinivasan S, Kumar R, Koduru S, Chandramouli A, Damodaran C. 2010. Inhibiting 

TNF-mediated signaling: a novel therapeutic paradigm for androgen independent prostate 

cancer. Apoptoszs 15:153-161 DOI 10.1007/sl0495-009-0416-9. 
Suman S, Das TP, Damodaran C. 2013. Silencing NOTCH signaling causes growth arrest in 

both breast cancer stem cells and breast cancer cells. British Journal of Cancer 109:2587-2596 

DOI 10.1038/bjc.2013.642. 
Szliszka E, Czuba ZP, Sedek L, Paradysz A, Krol W. 20 1 1 . Enhanced TRAIL-mediated 

apoptosis in prostate cancer cells by the bioactive compounds neobavaisoflavone 

and psoralidin isolated from Psoralea corylifolia. Pharmacological Reports 63:139-148 

DOI 10.1016/S1734-1140(11)70408-X. 
Tanida I, Ueno T, Kominami E. 2004. LC3 conjugation system in mammalian 

autophagy. The International Journal of Biochemistry & Cell Biology 36:2503-2518 

DOI 10.1016/i.biocel.2004.05.009. 
Wang TX, Yin ZH, Zhang W, Peng T, Kang WY. 2013. Chemical constituents from Psoralea 

corylifolia and their antioxidant alpha-glucosidase inhibitory and antimicrobial activities. 

Zhongguo Zhong Yao Za Zhi 38:2328-2333. 
Whelan LC, Ryan ME. 2003. Ethanolic extracts of Euphorbia and other ethnobotanical 

species as inhibitors of human tumour cell growth. Phytomedicine 10:53-58 

DOI 10.1078/094471103321648665. 
Xiao G, Li G, Chen L, Zhang Z, Yin JJ, Wu T, Cheng Z, Wei X, Wang Z. 2010. Isolation of 

antioxidants from Psoralea corylifolia fruits using high-speed counter-current chromatography 

guided by thin layer chromatography-antioxidant autographic assay. Journal of Chromatography. 

A 1217:5470-5476 DOI 10.1016/j.chroma.2010.06.041. 
Yang HJ, Youn H, Seong KM, Yun YJ, Kim W, Kim YH, Lee JY, Kim CS, Jin YW, Youn B. 

2011. Psoralidin, a dual inhibitor of COX-2 and 5-LOX, regulates ionizing radiation 

(IR)-induced pulmonary inflammation. Biochemical Pharmacology 82:524-534 

DOI 10.1016/j.bcp.2011.05.027. 
Yang YM, Hyun JW, Sung MS, Chung HS, Kim BK, Paik WH, Kang SS, Park JG. 1996. 

The cytotoxicity of psoralidin from Psoralea corylifolia. Planta Medica 62:353-354 

DOI 10.1055/S-2006-957901. 
Yi LT, Li YC, Pan Y, Li JM, Xu Q, Mo SF, Qiao CF, Jiang FX, Xu HX, Lu XB, Kong L-D, 

Kung H-F. 2008. Antidepressant-like effects of psoralidin isolated from the seeds of Psoralea 

corylifolia in the forced swimming test in mice. Progress in Neuro-Psychopharmacology and 

Biological Psychiatry 32:510-519 DOI 10.1016/j.pnpbp.2007.10.005. 
Zhang X, Wei H, Liu Z, Yuan Q, Wei A, Shi D, Yang X, Ruan J. 2013. A novel protoapigenone 

analog RYlO-4 induces breast cancer MCF-7 cell death through autophagy via the Akt/mTOR 

pathway Toxicology and Applied Pharmacology 270:122-128 DOI 10.1016/ j.taap.2013.04.01L 
Zhao L, Huang C, Shan Z, Xiang B, Mei L. 2005. Fingerprint analysis of Psoralea corylifolia L. by 

HPLC and LC-MS. Journal of Chromatography. B, Analytical Technologies in the Biomedical and 

Life Sciences 821:67-74 DOI 10.1016/j.jchromb.2005.04.008. 



Hao et aL (2014), PeerJ, DO1 1 0.771 7/peerj. 555 



13/13 



